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ABSTRACT OF THE DISCLOSURE 

An integrated circuit directional coupler having two 
conducting lines separated from a semiconductor layer 
by an insulating coating on the semiconductor layer. A 
conducting ground plane is situated on the other side 
of the semiconductor. Coupling from one line to the 
other allows a small, e?icient, directional coupler to be 
constructed based on the transmission line. 

BACKGROUND OF THE INVENTION 

This invention is in the ?eld of integrated circuit di 
rectional couplers. 
A directional coupler is a system containing a primary 

line and a secondary line arranged such that an incident 
voltage waveform into one end of the primary line is 
coupled to the other end of the primary line and to both 
ends of the secondary line in an amount dependent upon 
the structure of the coupler, the frequency of the wave 
form and the direction of travel of the wave. 

Stripline directional couplers have been designed pre 
viously to include transmission lines separated from one or 
more ground planes by one or more layers of dielectric 
material. 

SUMMARY OF THE INVENTION 

This invention is particularly concerned with a stripline 
directional coupler for use with integrated circuits. In the 
present invention it has been found that by separating a 
pair of parallel transmission lines from a ground plane 
with an insulator-coated semiconductor, the directional 
coupler thus constructed yields more ways of energy dis 
tribution than does the conventional stripline directional 
coupler with dielectric separation. The disclosed direc 
tional coupler, when excited at the rear end of the pri 
mary line, can provide an output to the near end or the 
far end of the secondary line, which is not possible with 
conventional directional couplers utilizing homogeneous 
dielectric media. 

It is an object of this invention to provide a direc~ 
tional coupler mainly for use on integrated circuit chips. 

It is a further object of this invention to provide a 
directional coupler using insulated semiconductor mate 
rial as a base. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates the basic structure of the present 
invention; and 
FIGURE 2 illustrates an equivalent circuit representa 

tion of the structure of FIGURE 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGURE 1 illustrates an integrated circuit directional 
coupler according to the present invention. A wafer 5 of 
semiconductor material forms the body of the integrated 
circuit directional coupler as well as, that of other com~ 
ponents located in the same chip. In the preferred em~ 
bodlment, this semiconductor material 1s silicon although 
otherjemiconductor materials may be used. A layer 4 of 
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insulating material is af?xed to one side of wafer 5. In 
the preferred embodiment, this insulating material is sili 
con dioxide which can be formed by well-known tech 
niques directly on the surface of silicon wafer 5. However, 
other insulating materials may be used and are within 
the scope of this invention. A layer 3 of conducting ma 
terial forming a ground plane is ai?xed to the other 
side of wafer 5. Two transmission lines 1 and 2 of con 
ducting material are shown al?xed to the insulating layer 
4. The conducting material is preferably metallic and may 
be deposited aluminum. 
The thickness 1‘, width b, and spacing d of the trans 

mission lines may be varied to vary the transfer func 
tion of the illustrated system. The ordinary transmission 
line in this system is 1 mil in width b and 1 micron in 
thickness 1. The thickest preferred line is 2 microns thick 
and could be 2 mil wide. 

The‘ transmission line illustrated in FIGURE 1 is 
especially suited for use as a directional coupler in an 
integrated circuit. A single line on top of an integrated 
circuit chip has a virtual ground plane located in the 
semiconductor substrate but near the SiO2-Si boundary in 
determining the transmission line capacitance. However, 
in determining the transmission line inductance, the me 
tallic ground plane such as layer 3 in FIG. 1 serves as the 
current return path. The capacitance is generally large 
because the oxide layer is very thin and the inductance 
is also large because the thickness of the semiconductor 
substrate may be quite large in comparison with the 
transmission line width b. As a result, a single transmis 
sion line on IC chip will have a large propagation delay 
because it has a large capacitance and a large inductance. 
Also as a result, two adjacent parallel lines on IC chips 
will have a negligible capacitive coupling by choosing 
h1<<d and a large inductive coupling ‘by choosing 
h2>>d. In other words, the coupling between two ad 
jacent lines on IC chip is dominated by inductive cou 
plings. The line as illustrated has a large inductance and 
capacitance which causes a large delay on the line. This 
extra delay allows an effective directional coupler to be 
constructed with a much shorter transmission line than 
is possible with conventional transmission lines. 
FIGURE 2 illustnates an equivalent transmission line 

circuit useful in analyzing the ellect of using the structure 
of FIGURE 1 as a directional coupler. Although the struc 
ture of FIGURE 1 is generally useful as a directional cou 
pler, it is possible to vary the effectiveness of the coupling 
by varying the parameters of the structure. 

There are two coupling coef?cients between two trans 
mission lines, namely the capacitive coupling coe?icient 
kc and the inductive coupling coef?cient kL. These co 
efficients are de?ned as follows 

where L1,, and Cm are mutual inductance and mutual 
capacitance respectively and where L11, L22, C11 and C22 
are the self inductances and self-capacitances of lines 1 
and 2 respectively in the presence of the other line. 

Because there is negligible capacitive coupling and a 
large inductive coupling in the‘ directional coupler ac 
cording to the present invention 'kL is much larger than 
kc. In the conventional directional coupler using a homo 
geneous dielectric, kL equal kc, thus causing all wave 
propagation to be at a single velocity. But in the present 

k 

0 invention, there is a slow velocity wave and a fast ve 
locity wave. The delay in the directional coupler appears 
different to the two waves of different velocity. 
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~Because-of the symmetry of the two lines of the di-v 7' “ 

rectional coupler, one may. assume that the self-induct 
ance of the two lines are equal (i.e., L11=L22) and that 
the self-capacitance terms of the two lines are equal (i.e., 
C11=C22). De?ne terms C and L such that 

LIL11=L22 
and 

C=C11=C22 
In the equivalent circuit of FIGURE 2, v1 is the volt 

age on line 1, where v1(0) is at the input end and v1(l) 
is at the output end; v12 is the voltage on line 2 where 
v2(0) is at the input end and v2(l) is at the output end. 
The distance along the line is given by x, where the input 
end is x=0 and the output end is x=l. 
From the basic coupling equations of the lines 

of 0”‘ 05502201: 

where t is time, and assuming that kc<<kL, the follow 
ing three equations can be derived to show the transfer 
functions of the directional coupler in each of the three 
possible directions: 

The following equations de?ne additional terms used 
in the transfer function equations: 

w=21r times input frequency 

Me: 4mm 

wheat/(1T1?) 
As: A1 + A3 

hf: A1 —>\3 

I which is the characteristic impendanoe of the line 

Yll is the admittance of the slow wave mode ‘ 

Y; is the admittance of the fast wavemode. 
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and where‘ r ' " ' " v1+kL L 

1 0 
f: 

- EXAMPLE 

Assume a directional coupler‘ with 

Z=. 0.05 meter 

L=1O nh./cm.= 1'0-a henr'y/m. 7 

0:4 pf./cm. =4>< 10~10 farad/m. 

Then 

If the chosen frequency is 560 mHz., then 

60: (tn/ITO: 22.4w sec./m. 

55 
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By varying the amount of coupling as indicated by k1,, 
the voltage ratios as just computed can be variable. The 
following table shows examples of output for a few typical 
cases with unit amplitude input. 

6 
'5. A directional coupler according to claim 4 wherein 

said conducting lines and said conducting plane are 
metallic. 

6. A directional coupler according to claim 4 wherein 

' 112 (0) 112 (l) I m (Z) 
In. alarm/(L0) (1+k1.) BzlEwh/(LC) (Z-kL) 211(0) 01(0) m (0) 

411' 21:‘ 0 0 1 
21r 1r 0 1 0 

35/2 1/2 0. 5 0.87 o 
3. 2r 0. 21w About 0.7 About 0.7 About 0 

What is claimed is: said conducting lines and said conducting plane comprise 
1. A directional coupler comprising: thin layers of aluminum. 
(a) a semiconductive layer, 15 7. A directional coupler using the transmission line of 
(b) a thin insulating coating on said layer, 
(c) two substantially parallel conducting lines situated 
adjacent to said coating on the side away from said 
layer, said lines being spaced apart a distance which is 
substantially greater than the thickness of said in~ 
sulating coating but substantially less than the thick 
ness of said semiconductor layer, and 

(d) a conducting plane situated adjacent to said layer 
on the side away from said coating. 

2. A directional coupler according to claim 1 wherein 
said conducting lines and said conducting plane are 
metallic. 

3. A directional coupler according to claim 1 wherein 
the semiconductor of said semiconductor layer comprises 
silicon. 

4. A directional coupler according to claim 1 wherein 
said thin insulated coating comprises a layer of silicon 
dioxide formed on the surface of said silicon. 
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claim 1 wherein a ?rst signal is applied to one end of one 
of said conducting lines and a substantially proportional 
second voltage signal appears on at least one end of the 
other of said conducting lines. 
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It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

Column 1, line 47 "rear end" should be --ne r end- 

Column 3, line 23 should becul 
£ 

Column 3, line so law-{ff should be B's-‘ML Z ' 

Column 3, line 69 "wavemode" should be --wave mode- 
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Column 4, line 47 (31+)“) should be (R1‘R3 ) 
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Bil-=5 should be p3I= 
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